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Objectives. The aim of this study was to evaluate prospectively 
the effect of late atrial septal defect closure on cardiac output and 
oxygen deliver in patients who have undergone the Fontan 
procedure. 
Background. An adjustable atrial septal defect is incorporated 
in patients undergoing the Fontan procedure who have increased 
pulmonary vascular esistance or poor ventricular function, or 
both. After the Fontan procedure, the atrial septal defect is test 
occluded. Patients with mean right atrial and pulmonary artery 
pressures > 15 mm Hg are discharged with the atrial septal defect 
open. 
Methods. Twelve patients (20 months to 12 years old) under- 
went evaluation and closure of the atrial septal defect at a mean 
interval 0f3.8 months (range l to 18) after the Fontan procedure. 
Each patient underwent full right and left heart catheterization. 
Cardiac output was obtained using the cine-volume method. The 
study included six patients with a high transpulmonary gradient 
or poor ventricular function preoperatively, or both (high risk 
group) and six who had only borderline increased pulmonary 
vascular esistance (low risk group). Patients in both groups had 
a mean right atrial pressure > 15 mm Hg when the atrial defect 
was test occluded in the first week after the Fontan procedure. 
Results. All results are given as mean value _+ SD. Ventricular 
end-diastolic pressure was significantly lower (p = 0.03) with the 
atrial septal defect open in low risk patients (6 -+ 3 mm Hg) than 
in high risk patients (10 -+ 3 mm Hg). With the atrial septal defect 
open, low risk patients had a significantly higher (p = 0.04) 
cardiac index (4.87 -+ 0.81 liters/min per m 2) than the high risk 
patients (3.96 -+ 0.47 liters/rain per m2). There was no significant 
difference (p = 0.14) in cardiac index between the two groups with 
occlusion of the atrial septal defect. Oxygen delivery was also 
significantly higher (p < 0.05) with the atrial septal defect open in 
low risk patients (836 -+ 99 ml/min per m 2) than in high risk 
patients (704 -+ 106 ml/min per m2). There was no significant 
difference (p = 0.89) in oxygen delivery, between the two groups 
with occlusion of the atrial septal defect. With the atrial septal 
defect open, the interatrial gradient was not significantly different 
in low risk patients (4 -+ 1 mm Hg) from that in high risk patients 
(4+- lmmHg) .  
Conclusions. These data show that an interatrial communica- 
tion results in increased postoperative systemic perfusion and 
o~gen delivery, in patients with good diastolic ventrieular func- 
tion after the Fontan procedure. 
(J Am Coll Cardiol 1995;26:259-65) 
Patients with univentricular hearts undergo a Fontan proce- 
dure to separate the pulmonary and systemic circulations, 
normalize systemic o~gen saturation and reduce ventricular 
volume overload (1). Patients considered candidates for repair 
must have normal-sized pulmonary, arteries, low pulmonary 
vascular esistance and good ventricular function (2). Over the 
past several years, patients with more complex cardiac anat- 
From the Divisions of Pediatric CardMogy_ and Cardiothoracic Surge~.', Uni- 
versity of California Los Angeles, School of Medicinc, Lxls Angeles, California. Dr. 
Kuhn was supported by Training Grant 5T32HL7412 from the National Hearl, 
Lung, and Blood Institute, National Institutes of Health, Bethesda, Ma@and. 
Manuscript received May t~, 1994: revised manuscripl received February 1, 
1995, accepted March 1, 1995. 
*Present address: Department ofPediatric CardioloD,, The Cleveland Clinic 
Foundation, DOSK F25, 9500 Euclid Avenue. Cleveland, Ohio 44195. 
Address for correspondence: Dr. Ja~ M. Jarmakani, Division of Pediatric 
Cardiology, UCLA Medical Center. Iil833 kc Conle Axenuc. Los Angeles. 
California 90024. 
omy and slightly increased pulmonary vascular esistance or 
decreased ventricular function, or both, have also undergone 
successful repair (3-6). To improve survival and postoperative 
course in these patients, Laks et al. (7,8), proposed the use of 
an adjustable interatrial communication. Bridges et al. (9) used 
a fenestration in the interatrial baffle. The hemodynamic 
changes associated with occlusion of the atrial defect were 
studied in the cardiac catheterization laboratory -1  month 
after repair (10). Cardiac output and oxygen delivery de- 
creased after occlusion of the fenestration. Patients who had a 
lateral tunnel Fontan and adjustable atrial septal defect at the 
University' of California at Los Angeles were evaluated by 
echocardiography in the immediate postoperative period by 
Harake et al. (11). Those patients with right atrial pressure 
<15 mm Hg after temporary occlusion of the atrial septal 
defect had their atrial septal defect permanently occluded, 
which resulted in a decrease in cardiac output and oxygen 
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Tab le  l. Study Patients: Clinical Profile and Risk Factors 
Group and 
Pt No. Age lyr l)iagnosis Previous Procedure Risk Factor 
l.ow risk 
1 1.4 
2 12.5 
3 3.25 
4 2.0 
5 3.3 
High risk' 
7 (L75 
S 2.3 
9 4.7 
10 5.75 
11 I.f~7 
12 2.~ 
(S,L.L) DILV. PS BTS 
(S,I),D) TA. PS Cla,sic Fontan 
(S,I),D) straddling TV, PAB, Glenn 
hypophlstic RV 
Straddling TV, hypoplastic None 
RV, PS 
(Si, L) DILV, MA PAB 
(S,L,L) DILV Glenn, Stansel 
(S,I.,L) DILV. PA BTS Elevated PVR, high TPG 
(S,I).I)) DORV, MA, PS. PAB, Glenn High TPG 
TAPVR 
TA, VSD, PS Glenn, CS High TPG 
tttxy, AVSD. hypoplastic LV BTS. Glenn Atrial flutter, high VEDP 
{S,I,,L) DILV, PS None Elevated PAP, high TPG 
{S,D.D) DORV, PS None Elevated PAP 
*Patients v~ere considered high ribk if one or more of the following risk factors were present: mean pulmona U artet 7 
pressure ->15 mm t lg, transpulmona U gradient -8 nrm rig, ventricular end-diastolic pressure >12 mm Hg, pulmonary' 
wiscular resistance >2 Wood units/m e, ejection fraction <50¢2 or atrial fibrillation/flutter. Segmental cardiac anatomy is 
shown in parentheses as Mlows: visccroatrial situs: S solitus: I invcrsus; A ambiguous. Ventricular loop: D 
normah L inverted. Aorta to pulmona U artc U rclation: D - rightward: L - leftward. AVSD atrioventricular septal 
defect: AVV atriovcntricularvalve: BTS Blalock Taussig shunt: CoA coarctation f the aorta; CS - ccntralshunt; 
DILV - douhle-inlel l ft ventricle: DORV - double-outlet right ventricle: Glenn - cavopulmonary nastomosis: F - 
li:malc: Htxy : heterotaxv: LV left ventricle: M = male: MA mitral atrcsia: PA pulmonary atresia: PAB = 
pulmona Wartc U handing: PAP pulmonary artery pressurc: PS pulmonarystcnosis: Pt patient; PVR pulmonal 7 
vasculai resistance: RV right ventricle: Stanscl pulmonary artery to aorta nastomosis; TA tricuspid atresia; 
TGA - transposition l the great arteries: TPG transpulmonal 7 gradient: TV - tricuspid valve; VEDP vcntricular 
end diastolic pressure. 
delivery. Others with right atrial pressure >15 mm Hg wcrc 
discharged with the atrial septal deflect open and form the 
patient cohort of the present study. 
Because a decrease in pulmonary vascular esistance and 
improvement in ventricular function after a Fontan proccdurc 
are possible, patients with moderate right atrial hypertension 
(>15 mm Hg) in the immediate postopcrative period wcrc 
studied at a later date to evaluate the effect of atrial septal 
defect closure on cardiac output and oxygen delivery. 
Methods 
All patients undergoing thc Fontan procedure at the Uni- 
versity of California, Los Angeles who had high transpulmo- 
nary gradient or poor ventricular function, or both, receive an 
adjustable interatrial communication. In patients with a mean 
right atrial pressure <15 mm Fig, the atrial septal defect is 
snared closed before discharge. The other patients are dis- 
charged with the communication open or partially snared 
closed. These patients are brought back at a later date for 
hemodynamic evaluation and snaring of the interatrial com- 
munication when indicated. 
Patients. Between March 1991 and October 1993, 53 pa- 
tients underwent a modified Fontan procedure with an adjust- 
able atrial septal defcct incorporated into the repair. Of these, 
16 patients had their atrial communication s ared closed in the 
immediate postoperative period. Of the 37 patients who were 
discharged with their atrial septal defect open, 22 were either 
out of state and could not be reached or had their atrial septal 
defect closed before we initiated the present study. The 
remaining 15 patients returned to the cardiac catheterization 
laboratory to undergo evaluation of the effect of atrial septal 
defect closure on hemodynamic function. Three patients had 
incomplete data and were not included in the study. The 12 
remaining patients make up the study cohort. The diagnosis 
and risk factors for each patient are shown in Table 1. Nine 
patients had single left ventricular anatomy, and three had 
single right ventricular anatomy. The patients were classified 
into two risk groups on the basis of their pre-Fontan catheter- 
ization data. High risk patients were defined as any patient 
having one or more of the risk factors delineated in Table 1. 
Each of the three patients with right ventricular morphology 
had one or more of these factors and, therefore, were consid- 
ered high risk. Seven patients had a lateral tunnel Fontan 
procedure, as previously described by Laks et al. (7). One 
patient had a revision to a lateral tunnel Fontan procedure 
from a previous classic Fontan procedure. Four patients had a 
lateral tunnel Fontan procedure with a unidirectional cavo- 
pulmonary connection (12). All patients underwent cardiac 
catheterization at the University of California, Los Angeles 
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Pediatric Cardiac Catheterization Laboratou. Consent for 
catheterization a d snaring of the atrial septal defect was 
obtained, The median age was 3.4 years (range 20 months to 12 
years). The median time between surgery and catheterization 
was 3.8 months (range 1 to 18). Patient 10 had a high 
ventricular end-diastolic pressure of 14 mm Hg and right atrial 
pressure of 16 mm Hg with the atrial septal defect open and 
18 mm Hg with the atrial septal defect occluded. For these 
reasons, the atrial scptal defect was not permanently closed. 
The remaining patients had their defect closed, as previously 
describcd by Laks et al. (8). 
Data collection. Three patients had general anesthesia. 
The remaining patients were sedated intravenously with fen- 
tanyl, 1 to 2/xg/kg body weight (Elkins-Sinn, Inc.) and Versed, 
0.1 mg/kg (Roche Laboratories). A completc right and retro- 
grade left heart catheterization was then performed. Oxygen 
saturation and pressure data were obtained in the right and left 
atrium, ventricle, aorta, pulmona U arteries, uperior vena cava 
and pulmonary, vein. A double lumen end- and side-hole 
balloon catheter (Arrow International, Inc.) was placed across 
the defect. Right and left atrial pressures were measured 
simultaneously with this catheter. The defect was then com- 
pletely occluded. After 20 min, oxygen saturation and pressure 
data were repeated. A biplane cineangicardiogram injecting 
into the ventricle was then obtained. The balloon was deflated, 
and repeat ventriculogram was recorded 20 min later. During 
data acquisition, the patients remained in stable condition, and 
all patients received one-half maintenance intravenous fluid 
(5% glucose, 20% normal saline solution). The atrial septal 
defect was then snared closed by the cardiothoracic surgeon. 
Ketamine, I to 2 mg/kg (Parke-Davis) and fentanyl, 1 to 
2 /xg/kg, were given to those patients not under general 
anesthesia. A final cineangicardiogram was acquired, injecting 
into the lateral tunnel to document atrial septal defect closure. 
All patients were given heparin sulfate IV (100 U/kg) for 
anticoagulation and perioperative Ancef (Smith-Kline 
Beecham) for antibiotic prophylaxis during catheterization, 
Calculations. All calculations were indexed to body surface 
area. All pressure data were measured uring expiration. 
Figure 1. Hemodynamic values with the atrial septal defect (ASD) 
open and occluded. Patients are depicted as high (n = 6) and low risk 
(n : ~). 
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Figure 2. O~gen delive U (mean ~ SD) in low and high risk patients 
before and after occlusion of the intcratrial communication. ASD 
atrial septa/defect. 
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Figure 3. Comparison of aortic saturation and interatrial pressure 
gradient in high and low risk patients before and after occlusion of the 
intcratrial communication. 
Ventricular volume and cardiac output were obtained from the 
biplane cineangicardiogram using the area-length method 
for the single left ventricles and Simpson's rule for the single 
right ventricles, as previously described by Graham et al. 
(13,14). 
Oxygen content (Cao: in ml Ojliter) was calculated as 
follows: 
Cao2 - 10 × [(1.34 x Hgb x So: x 0.0l) + (0.003 × Po:)], [I] 
where Hgb = hemoglobin concentration (g/dl); So~ = hemo- 
globin oxygen saturation; Po~ = partial oxygen pressure (ram 
Hg); and 0.003 = the Bunsen solubili~, coefficient for ovgen in 
plasma at 37°C in ml Os/dl of plasma-ram Hg. 
Oxygen delive~ (ml/min) was calculated from its definition 
as follows: 
Oxygen del iveu CI × Cao:, [2 I 
where CI = cardiac index (liters/rain), as derived from the 
cineangicardiogram. 
Statistics. All results are given as mean value ± SD. A 
two-tailed paired t test was used to compare the groups of data 
using the Analysis Tools package from Microsoft Excel 4.0 
(Microsoft Corporation) for the IBM computer; p < 0.05 was 
considered statistically significant. 
Results  
Hemodynamic data. The hemodynamic and oxygen data 
for all patients are presented in Figures 1 to 3 and Table 2. 
With balloon occlusion of the atrial septal defect, aortic 
saturation increased from 88 ± 3% to 95 ± 35~- (p < 0.001 ). 
Right atrial pressure increased from 9 + 2 to 12 ± 3.0 mm Hg 
(p = 0.001). Cardiac index decreased from 4.41 ± 0.79 to 
3.19 ± 0.58 liters/rain per m 2 (p < 0.001). Oxygen deliver' 
decreased from 770 ± 120 to 596 + 78 ml/min per m 2 (p < 
0.001). Figure 1 shows the effect of atrial septal defect closure 
on oxygen saturation, right atrial pressure, cardiac index and 
oxygen delivew. 
With the atrial septal defect open, the interatrial (transpul- 
monau) gradient was not significantly (p = 0.66) different in 
low risk patients (4 _+ 1 mm Hg) from that in high risk patients 
(4 ± I mm Hg). There was no difference (p = 1.0) in 
transpulmonary gradient after atrial septal defect closure (low 
risk 7 _+ 3 mm Hg; high risk 7 ± 2 mm Hg). Both groups had 
a significant (p = 0.02) increase in transpulmonary gradient 
with occlusion of the atrial septal defect. Figure 3 compares the 
changes in interatrial gradient and ox'ygen saturation after 
atrial septal defect closure. The size of the atrial septal defect 
was obtained from the right atrial cineangicardiogram. The low 
risk group had a significantly smaller defect (4 ± 0.5-mm 
diameter, p < 0.001) than the high risk group (8 ± 2-mm 
diameter). Although there was an increase in oxygen satura- 
tion in both groups with atrial septal defect closure, the 
increase in the high risk group (4 ± 2%) was significantly (p = 
0.04) less than that in the low risk group (8 + 4%). Right atrial 
pressure did not statistically differ between the two groups. 
Cardiac index and ventricular volume data for all patients 
are presented in Table 3. With the atrial septal defect open, 
low risk patients (n = 6) had a significantly higher (p = 0.04) 
cardiac index (4.87 ± 0.81 liters/min per m e) than high risk 
patients (n = 6, 3.96 _ 0.47 liters/rain per mS). 
With occlusion of the atrial septal defect, there was no 
significant difference (p = 0.14) between the two groups (low 
risk 3.44 _ 0.68 liters/min per m~; high risk 2.93 _+ 0.37 
liters/rain per me). With the atrial septal defect open, oxygen 
ddive U in low risk patients (836 _+ 99 ml/min per m z) was 
significantly higher (p < 0.05) than that in high risk patients 
(704 ± 106 ml/min per m-~). With closure of the atrial septal 
defect, oxygen delivery decreased to similar levels in the two 
groups (low risk 599 ± 59 ml/min per m2; high risk 592 _+ 
JACC Vol. 2~, No. I KUHN ET AL. 263 
July 1995:259-65 I,ATE ATRIAL SEPTAL DEFECT CLOSURE 
Table 2. Hemodynamic Data Before and After Occlusion of the Atrial Septal Defect 
AoSat RAP LAP EDP 
Gruup and 
Pl No. Open Cluscd Open Closed Open Closed Opcn Closed 
tx~w risk 
1 89 96 7 14 4 8 10 8 
2 91 99 11 12 5 h 8 8 
3 91 95 6 9 2 3 4 3 
4 81 95 10 14 4 2 4 4 
5 87 91 8 8 4 1 4 6 
6 87 99 9 11 6 6 5 5 
Mean 88 % 9 11 4 4 6 6 
÷ ±SD t:4 =3 + 2 +3 -+ 1 =3 _3 +2 
High risk 
7 93 97 8 12 4 4 12 12 
8 90 92 6 15 3 6 6 6 
9 89 97 9 10 3 3 8 4 
10 85 88 14 18 9 10 14 10 
11 91 97 1(1 12 6 7 8 8 
12 89 90 111 12 ", 6 8 8 
Mean 89 94 Ill 13 5 6 10 8 
-+SD ~3 +4 ~3 +3 ±2 +2 -+3 _+3 
AoSat = aortic saturation (%): Closed = atrial septal defect occluded: EDP = end-diastolic pressure (mm Hg); 
LAP = left atrial pressure (mm Hg): Open = atrial septal defect open; Pt = patient; RAP = right atrial pressure (ram 
Hg). 
100 ml/min per m e, p = 0.89). Thc decreasc in oxygcn delive U 
in low risk patients (237 + 103 ml/min per rn2) was significantly 
greater (p = 0.04) than that in high risk patients (112 + 
78 ml/min per m 2) (Fig. 2). 
In all patients, there was a significant decrease (p < 
0.001) in ventricular end-diastolic volume with occlusion of 
the atrial septal defect (58 + 17 to 47 _+ 13 ml/m2). There 
was no significant change (p = 0.53) in end-systolic volume 
with occlusion of the atrial septal defect (19 _+ 10 to 18 _+ 
9 ml/m:). There was a significant decrease (p = 0.008) in 
ejection fraction with occlusion of the atrial septal defect 
(0.70 +_ 0.09% to 0.65 ___ 0.10%). We then compared the 
changes in ventricular pressure and volumes between the 
risk groups. With the atrial septal defect open, the low risk 
Table 3. Cardiac Index and Vcntricular Volume Data Before and ,After Occlusion of the Atrial 
Scptal Defect 
Group and 
Pt No. 
EDV EF C1 
()pc n ('loscd Open Closed Open Closed 
Low risk 
1 h3 34 77 79 5.29 3,03 
2 83 77 66 57 5.43 3,25 
3 f~3 5f~ 75 70 3.76 3.41 
4 52 4h ¢~7 f~2 5.83 4.28 
5 61 56 83 77 4.84 4.15 
6 69 47 64 60 4.07 2.5(/ 
Mean 65 52 72 68 4.87 3.44 
2SD :~ 1!1 = 14 ~ 7 +9 20.81 -+0.68 
High risk 
7 52 41 ,'-II 73 4.42 3.15 
8 6(I 50 o5 54 4.19 2.92 
9 67 55 59 63 4.27 3.54 
10 86 66 62 53 3.84 2.48 
I 1 43 41 75 ~'~7 3.93 2.82 
12 41 29 75 78 3.10 2.69 
Mean 58 47 70 65 3.96 2.93 
+-SD ~ 17 t 13 -9  _+ 10 -+0.47 +(/.37 
CI = cardiac index (lilcrs/m n per m2): Closed = atrial scptal defect occluded; EF = ejection fraction (%); EDV = 
end-diastolic volume (ml m21: Open = atrial septal defect open: PI = patient. 
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group had a significantly lower (p = 0.03) ventricular 
end-diastolic pressure (6 _+ 3 mm Hg) than the high risk 
group (10 _+ 3 mm Hg). With occlusion of the atrial septal 
defect, there was no significant difference in ventricular 
end-diastolic pressure between the two groups (low risk 6 _+ 
2 mm Hg; high risk 8 + 3 mm Hg, p - 0.13). With the atrial 
septal defect open, low risk patients had a higher ventricular 
end-diastolic volume (65 _+ 10 ml/m 2) than high-risk pa- 
tients (58 _+ 17 ml/m2). 
Discuss ion  
Patient selection. In our institution, the adjustable atrial 
septal defect is now used in patients undergoing a Fontan 
procedure who have a transpulmonary gradient >5 mm Hg or 
ventricular end-diastolic pressurc >12 mm Hg, or both. Pa- 
tients with right atrial pressure < 15 mm Hg after test occlusion 
of the atrial septal defect have their interatrial communication 
closed before discharge, and these patients were studied by 
Harake et al. (11). The remaining patients are discharged with 
their interatrial communication pen, and this group includes 
our patients. Therefore, all patients included in the present 
study were considered tobe at high risk for atrial septal defect 
closure in the early postoperative period. On the basis of their 
preoperative h modynamic values, these patients were further 
classified into two groups: high (n = 6) and low risk patients 
(n = 6). The high risk patients in our study (Table 1) are those 
with a high ventricular end-diastolic pressure and a high mean 
pulmonary arteriolar gradient. Although the patient cohort is 
small, it is adequate to test the hypothesis. 
Study limitations. In assessing cardiac output in our study 
patients, we considered three methods: the Fick, thermodilu- 
tion and cine-volume methods. Oxygen consumption, which is 
a necessary measurement for the Fick method, was not ob- 
tained because the majority of patients had either general 
anesthesia or a Fontan with unidirectional cavopulmonary 
connection. Thermodilution is inaccurate for measuring pul- 
monary blood flow after the Fontan procedure. Although 
systemic output can be measured by the thermodilution 
method, itwas not done because it required two catheters, one 
across the atrial septum and one retrograde. Because of the 
aforementioned limitation, we elected to obtain systolic vcn- 
tricular output by the cine-volume method (13,14). 
Because our patients did not have valvular egurgitation, 
the volume estimates were very useful in assessing systolic 
ventricular function and systemic perfusion. The error of 
estimating cardiac output by the cine-volume method is 
smaller than the changes observed with atrial occlusion or the 
errors of estimating cardiac output by other methods. 
Hemodynamic data. The data presented here confirm an 
earlier study at the UniversiD of California, Los Angeles by 
Harake et al. (11), who showed a decrease in cardiac output 
with closure of the atrial septal defect in the immediate 
postoperative p riod. The present study addresses adjustable 
atrial septal defect closure in patients as late as 18 months 
postoperatively. In all patients tudied, with the occlusion of 
the atrial septal defect, there was an increase in oxygen 
saturation with a concomitant decrease in cardiac output and 
oxygen delivery. The relative decrease in cardiac output after 
atrial septal defect closure was significantly greater than the 
relative increase in aortic saturation and, therefore, resulted in 
a decrease in oxygen delivery, which may limit exercise toler- 
ance (10,11). When the patients were classified into high and 
low risk groups, differences in cardiac output and oxygen 
delivery were observed before occlusion. Before occlusion of 
the atrial septal defect, cardiac output in the low risk group was 
significantly higher than that in the high risk group. This 
difference could be explained by a lower pulmonary vascular 
resistance. It can also be explained by higher diastolic ventric- 
ular function in the low-risk group as indicated by a lower 
ventricular end-diastolic pressure. Before atrial septal defect 
occlusion, the right atrial pressure and the interatrial pressure 
gradient were not different in the two groups. 
With atrial septal defect closure, the low risk patients had a 
greater increase in aortic saturation (8 _+ 4%) than the high 
risk patients (4 _+ 2%). This finding suggests hat the right-to- 
left shunt was greater in the low risk group and that this shunt 
contributed tohigh ventricular output. Conversely, in the high 
risk group, the right-to-left shunt was relatively small with the 
atrial septal defect open. This suggests that poor diastolic 
ventricular function was the main cause of low cardiac output 
in this group. 
Atrial septal defect closure in the low risk group decreased 
cardiac output significantly. This decrease can be explained by 
the absence of a right-to-left atrial shunt and the finding that 
the increase in right atrial pressure did not result in a com- 
pensatory increase in pulmonary blood flow because of a 
slightly higher than normal pulmonary vascular resistance. 
Although a similar decrease in cardiac output was seen in the 
high risk group, the decrease in both cardiac output and 
oxygen delivery was greater in the low risk group. 
Conclusions. These data suggest that in patients with good 
diastolic ventricular function but increased postoperative sys- 
temic venous pressure, atrial septal defect closure results in a 
significant reduction i  cardiac output and oxygen delivery. We 
can speculate that such patients might be better off with a 
restrictive interatrial communication and a small (25% to 
30%) right-to-left shunt or at least a staged closure of the atrial 
septal defect o allow better adaptation topost-Fontan proce- 
dure physiology. The risk of leaving a patent interatrial com- 
munication is the likelihood of systemic embolization. The 
overall risk in these patients i not known; however, they might 
benefit from anticoagulation while the atrial septal defect is 
patent. In the high-risk group, atrial septal defect closure did 
not depress cardiac output and oxygen delivery significantly. 
Atrial septal defect closure will eliminate the right-to-left shunt 
and the risk of systemic embolization with no significant 
decrease in oxygen delivery. Therefore, atrial septal defect 
closure might be beneficial in these patients. Long-term 
follow-up is needed to reinforce our understanding of patients 
undergoing the Fontan procedure. Exercise studies with he- 
modynamic assessment before and after atrial septal defect 
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closure would be helpful. These studies are limited to patients 
old enough to exercise. 
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